Variations in people's vulnerability to stressful life events may rise from a predated neural sensitivity as well as from differential neural modifications in response to the event. Because the occurrence of a stressful life event cannot be foreseen, characterizing the temporal trajectory of its neural manifestations in humans has been a real challenge. The current prospective study examined the emotional experience and brain responses of 50 a priori healthy new recruits to the Israeli Defense Forces at 2 time points: before they entered their mandatory military service and after their subsequent exposure to stressful events while deployed in combat units. Over time, soldiers reported on increase in stress symptoms that was correlated with greater amygdala and hippocampus responsiveness to stress-related content. However, these closely situated core limbic regions exhibited different temporal trajectories with regard to the stress effect; whereas amygdala's reactivity before stress predicted the increase in stress symptoms, the hippocampal change in activation over time correlated with the increase in such symptoms. Hippocampal plasticity was also reflected by a modification over time of its functional coupling with the ventromedial prefrontal cortex, and this coupling magnitude was again predicted by predated amygdala reactivity. Together, these findings suggest that variations in human's likelihood to develop symptomatic phenomena following stressful life events may depend on a balanced interplay between their amygdala's predisposing reactivity and hippocampal posteriori intra-and interregional plasticity. Accordingly, an individually tailored therapeutic approach for trauma survivors should target these 2 neural probes while considering their unique temporal prints.
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individual differences ͉ prospective study ͉ fMRI ͉ trauma E very third person may encounter during his lifetime at least one stressful event that can be traumatic in potential (1) , defined as a life-threatening situation accompanied by intense emotional reaction (2) . In most cases, such an experience results in a wide range of stress symptoms, including nightmares, intrusive memories, and depressed moods, which resolve spontaneously within a few weeks or months in about 80% of the affected people. About 20% of affected people, however, continue to suffer chronically from stress symptoms, to the extent that they develop various psychopathologies including posttraumatic stress disorder (PTSD) (1) . In an attempt to identify the neural sources of this individual variability in vulnerability, previous brain imaging studies compared PTSD patients to matched controls that experienced similar events without developing a disorder. These studies repeatedly demonstrated PTSD abnormalities in 3 core limbic regions: the amygdala (3-6), hippocampus (7, 8) , and ventromedial prefrontal cortex (vmPFC) (6, 9; see also reviews in refs. 10, 11). Because testing was carried out in these studies following the onset of a chronic pathological state, however, it is still a matter of debate whether such abnormalities constitute a neural vulnerability that predates the traumatic event or evolve as part of a pathological response to the event. This, together with the poor predictability of PTSD based on acute stress symptoms immediately after exposure to stressful experiences (12) , makes the early identification of a vulnerable individual a clinical challenge. Such early recognition of risk for psychopathology is especially important given the proven benefits of therapeutic intervention shortly after undergoing a traumatic experience (12) .
To directly address the issue of vulnerability to stress from a neural aspect, we conducted a prospective brain imaging study for comparing the individual neural and behavioral responses before and after exposure to stressful experiences. The chances of encountering traumatic events within a specific time frame are relatively low in a random sample of the general population. We therefore investigated brain responses of a priori healthy new recruits to mandatory military service in the Israeli Defense Force. Military combative service represents a well-defined life period in which the probability for the occurrence of an intense stressful experience of homogenous context among recruits increases dramatically. Therefore, brain responses of a group of 50 soldiers (25 females; age 18) were measured by functional magnetic resonance imaging (fMRI) at 2 time points: during their first week of the premilitary paramedic preparation course (Before Stress) and about 18 months later, while they were serving as combat paramedics and deployed in various fighting units (After Stress) (Fig. 1A) . At each time point, the participants viewed backward masked photographs of either military medical or civilian content presented for either 33 or 83 ms (closer to, and farther from, perceptual threshold, respectively) in a block design fashion (supporting information (SI) Fig. S1 A) . Content and presentation duration were manipulated because it has been shown before that the brain response of PTSD patients to trauma-related content is abnormal (5, 13) , and more so when stimuli were presented closer to perceptual threshold (3). Most importantly, the prospective design of our study allowed for analyses in which behavioral and neural manifestations from Before Stress and After Stress of each participant were compared directly. To control for nonspecific time effects, the same procedure was implemented on a group of 12 young healthy civilians (6 females; age 18-26) who were not exposed to significant stressful events within a similar time interval.
We assumed that over time, content selectivity would increase in regions previously indicated in PTSD, such as the amygdala, hippocampus, and vmPFC. Futhermore, we believe that vulnerability to stress may be revealed by a combination of predisposing neural risk factors with maladaptive neural responsiveness to the event.
revealed that during their military service within the study's 2 time points, all of the paramedics experienced one or more highly stressful experience accompanied by intense negative emotions (i.e., a potentially traumatic event) (2) . Furthermore, the context of these events were all medical and shared similar objective characteristics, such as exposure to the sights of severe causalities (average Ϯ SEM number of events: 14 Ϯ 2) accompanied by the need to manage a patient with severe injury (average Ϯ SEM number of events: 13 Ϯ 3). This applied to all of the paramedics who participated in the study. After such stressful experiences, most paramedics reported a significant increase in stress-related behavioral symptoms relative to their own earlier scores Before Stress (group average Ϯ SEM Before Stress: 0.60 Ϯ 0.22; After Stress: 4.59 Ϯ 0.93; paired t test; P Ͻ 0.0001) (Fig. 1B) . This effect was not found in the control group (group average Ϯ SEM Time 1: 0.70 Ϯ 0.33; Time 2: 0.60 Ϯ 0.22; paired t test P ϭ 0.40) (Fig. 1B) . Importantly, the increase in stress-related behavioral symptoms in the paramedics group was not the result of only a few extreme individuals, as can be seen by the highly variable distribution of the individual paramedic's increase in PDS scores over time (Fig. 1C) . Furthermore, similarity in the objective characteristics of the stressful experiences increased the likelihood that the observed variability in stress symptoms could be accounted for by different individual responses to relatively similar stressful occurrences.
Brain Effects of Time, Content, and Target Duration. The change in brain response between the study's 2 time points was initially examined by computing a whole-brain contrast that compared responses to all visual stimuli together versus fixations for each subject at each time point (all 3 ϫ 2 conditions together, regardless of stimuli content and the duration of target presentation (i.e., After Stress Ͼ Before Stress; see Methods for more details). In the paramedics group this comparison revealed increased activation After Stress relative to Before Stress within a distributed network of brain regions (Table S1 ), including our predefined regions of interest (ROIs): the amygdala, hippocampus, and vmPFC (Fig. 1D ). There was no comparable increase in activation for those ROIs in the control group (Table S2 ). This was the first indication that the increased activation over time in the predefined limbic regions could be related to an augmented load of life stress. To further test this possibility we estimated the magnitude of the response in each of our predefined ROIs separately for each content type and duration of presentation with a 2 ϫ 3 ϫ 2 ANOVA (scan time point, content, and presentation duration; see Methods for more details). This analysis revealed that the increased activation After Stress relative to Before Stress for both the amygdala and the hippocampus was derived from the response to pictures of medical content (2-way interaction: F(2, 72) ϭ 3.30; P Ͻ 0.05; F(2, 72) ϭ 7.25; P Ͻ 0.001, respectively). In contrast, the enhanced activation in the vmPFC over time was not content selective (main effect: F(1, 36) ϭ 12.39; P Ͻ 0.001, no significant interaction) (Fig. 1E) . Additionally, the increased activation over time for the medical content in the amygdala, but not in the hippocampus or vmPFC, was only evident when it was presented for the shorter duration of 33 ms (3-way interaction: F(2,72) ϭ 13.29; P Ͻ 0.001) (Fig. 1F) .
To explore the neural network involved in such interactions, we performed an additional whole-brain analysis of the time effect (After Stress Ͼ Before Stress), but only for the condition of medical content with target presented for 33 ms. Table S3 shows that 2 regions in addition to the amygdala appear in this focused wholebrain analysis: the subcallosal gyrus and the left nucleus accumbens (NAcc) (Fig. S2 A) .
Limbic Regional Effects and the Individual Stressful Experience. After demonstrating an increase in stress symptoms according to the PDS questionnaire and enhanced limbic activation in response to the stress-related content at the group level, we sought a direct relation between individual behavioral and brain response. First, we calculated the changes in stress symptoms over time for each participant: (After Stress-Before Stress ϭ ⌬ PDS score) and correlated it with the individual brain response After Stress to medical content presented for 33 both. The results showed that a greater AfterStress response both in the amygdala and hippocampus correlated with a greater increase in reported stress symptoms over time [r ϭ 0.67; F(1, 35) ϭ 28.56; P Ͻ 0.0001; r ϭ 0.56; F(1, 35) ϭ 16.16; P Ͻ 0.0005, respectively] ( Fig. 2A) .
To pinpoint a stress-related neural predisposition factor for the individual's response to stress, we correlated the increase in stress symptoms over time (i.e., ⌬ PDS) with the individual activation level Before Stress for the amygdala and hippocampus. (Fig. S1 B and C) . This lack of content selectivity could be expected from a predisposing neural feature existing before the first encounter with the stressful context.
To characterize the individual's stress-related neural responsiveness factor we estimated the strength of association between the change in behavioral and neural measures for the amygdala and hippocampus. It was assumed that such association may reflect plasticity in brain activation that could explain the variation in magnitude of change in stress symptoms over time. Thus, the change in activation level over time (After Stress Ϫ Before Stress ϭ ⌬ stress activation) was obtained for the amygdala and hippocampus and correlated with the calculated change in stress symptoms (i.e., ⌬ PDS) for each individual. This relation was found to be significant in the hippocampus [r ϭ 0.71; F(1, 35) ϭ 36.83; P Ͻ 1e-006], but not in the amygdala [r ϭ 0.09; F(1, 35) ϭ 0.30; P ϭ 0.59] (Fig. 2C) .
When performing similar brain-behavior correlation analyses for the 2 additional brain regions that showed selectivity to medical content at short target duration, we found that the NAcc but not the subcallosal gyrus showed a significant correlation between the change in activation and the change in reported stress symptoms over time [r ϭ 0.50; F(35) ϭ 11.49; P Ͻ 5e-004] (Fig. S2B) .
Limbic-Frontal Interaction and the Individual Stressful Experience. To further elucidate the network by which the amygdala and hippocampus exert their differential effects under stress, especially in regard to the medial aspect of the PFC (mPFC), we performed a whole-brain voxel-based correlation using time courses obtained separately from the amygdala or hippocampus as regressors ( Fig.  3A; see Methods for more details). Before Stress, the amygdala was positively functionally coupled to a network of subregions within the mPFC along the ventrodorsal axis, while at this time point the hippocampus showed no functional coupling with the mPFC at the same threshold (Fig. 3B Left) . After Stress, the amygdala exerted a similar pattern and strength of positive functional coupling as before, whereas the hippocampus increased its positive coupling with the mPFC, mainly at its ventral aspect (i.e., vmPFC; Fig. 3B  Right) . Next we calculated the individual change in regional functional coupling separately for the amygdala-vmPFC (purple) and hippocampus-vmPFC (green) and performed a correlation analysis between the individual change in functional coupling and the change is stress symptoms over time. Most importantly, increased stress symptoms over time is related to a weaker functional coupling change between the hippocampus and the vmPFC [r ϭ Ϫ0.62; F(35) ϭ 21.77; P Ͻ 5e-006], whereas no similar relation was found for the amygdala and the vmPFC changes in coupling (Fig. 3C) . Furthermore, as expected from the earlier demonstrated role of amygdala's activity as a predisposition factor, its high activation level Before Stress predicted a weaker hippocampal-vmPFC functional coupling change over time [r ϭ Ϫ0.56; F(35) ϭ 16.14; P Ͻ 0.0005] (Fig. 3D ).
Discussion
Our unique prospective imaging design enabled us to characterize 2 different temporal trajectories of limbic involvement in the individual's vulnerability to stressful life events. Predisposition to stress vulnerability was revealed by showing that high levels of amygdala reactivity before the stressful event predicted a greater increase in stress symptoms following it. However, plasticity in response to stress was depicted by changes in hippocampal activation over time, demonstrating a more content-specific change in activation in correspondence with diminished functional coupling with the vmPFC, both related to greater increase in stress symptoms. Finally, this stress-related hippocampal-vmPFC functional modification could also be predicted by higher amygdala reactivity before the stressful life event.
Stress After Content Selectivity in Limbic Areas. Both the amygdala and hippocampus (but not the vmPFC) exhibited increased activation over time solely in response to the stress-related medical content (Fig. 1E) , but only the amygdala demonstrated sensitivity to presentation duration (Fig. 1F) . Intriguingly, such differential pattern of content and duration selectivity between spatially adjacent limbic regions was found in the paramedic group but not in the control group. Thus reducing the liklihood that our findings of increased activation over time are due to increased familiarity with the paradigm at the second time point or to any other repeated session-related confounders.
An intact amygdala is thought to be critical for advantaged processing of relevant stimuli in the environment via efficient tagging of its emotional nature (15) , whereas the hippocampus was found to be involved in forming episodic representations of emotional events by tagging contextual meaning to it (16). Therefore, it is possible that during the second time point (i.e., After Stress), the limbic response to a context in which the stressful experience took place (i.e., medical) is related to the fact that this context is a reminder of the stressful event, thus evoking emotions. This is further supported by our finding that the individual amygdala and hippocampus activation levels After Stress were positively correlated with the change in stress symptoms over time (Fig. 2 A) , implying that the more emotionally significant the context is for the individual, the more intensely those regions respond to reminders of it. Similarly, the levels of amygdala activation and hippocampal volume were found to be correlated with symptom severity in PTSD (4, 17). Our current findings, however, show that even in the healthy brain the limbic response to stress-related content within a few months after the occurrence of a stressful life event is related to an increase in stress symptoms. In that regard it is important to note, however, that our participants were all adolescents, and it is widely recognized that during adolescence the brain shows remarkable changes in both structure and function (18) . Thus, stressors experienced during adolescence may have a different neural impact than when experienced at adulthood, and future studies should examine the age generality of our findings in older cohorts.
In contrast to the amygdala and hippocampus, the vmPFC displayed enhanced activation after stress regardless of content and target duration. This is in accordance with a previous suggestion that the vmPFC is not necessary for processing the affective attributes of a stimulus but rather to integrate effectively all of the somatic state information triggered by it (19) .
Predisposed Reactivity and Acquired Plasticity in Limbic Areas. Whether neural vulnerability to stress predates the event or evolves as part of a pathological response to it is still a matter of debate. In this regard, we show a casual relation between a predated high reactivity of the amygdala and an individual tendency to develop stress symptoms following a stressful life event. More specifically, the variability in amygdala's reactivity Before Stress explained almost 50% of the variance in enhancement of symptoms After Stress (Fig.  2B) . The role of the amygdala in determining the trait of response to stress has been suggested by previous imaging studies showing that the level of amygdala reactivity correlated with individual anxiety trait scores, thus leading to the suggestion that elevated amygdala activation represents a functional endophenotype for proneness to anxiety disorders (20) . Moreover, there are several lines of evidence that genetic factors, such as polymorphism in the serotonin transporter, may also influence the amygdala's responsiveness to emotional stimuli (21) . Our study goes beyond these findings by showing that healthy individuals with heightened amygdala reactivity are at a greater risk to exhibit more stress symptoms after exposure to real-life stressful events. Because none of the paramedics in the study group have been diagnosed with PTSD After Stress, however, the neural changes observed in the current study are not necessarily related to chronic PTSD, and may represent a temporary response to stress, or a response to a stressful but not traumatic event. The persistency of the stress-related symptoms should be examined farther away from the stress source-for example, following discharge from the army in our study group. The predisposing role of the amygdala was revealed only in response to pictures that were presented closer to perceptual threshold (i.e., 33 ms). This finding implies that the predisposed tendency is part of an automatic mechanism of emotional processing, corresponding to previous claims that the amygdala constitutes an alarm system that is relatively independent of attention resources, and has a role in rapid detection of danger in the environment (15) . It also corresponds to a previous finding of exaggerated amygdala response to masked facial stimuli in PTSD patients, which led the authors to conclude that by using a backward masking paradigm (as we did), the automaticity of amygdala response is highlighted (4) .
In contrast to the amygdala, the change in hippocampal activation over time explained more than 50% of the variance in the magnitude of change in stress symptoms (Fig. 2C) , suggesting an association between hippocampal plasticity and vulnerability to stress. The hippocampus may be especially prone to stress-induced functional and structural modifications due to its unique capacity for neurogenesis in the adult brain (22) , its high concentrations of receptors for stress hormones (23), or both. Indeed, human imaging studies showed decreased volume of the hippocampus in relation to PTSD and its increase with successful serotonergic treatment (7, 24) . The fact that hippocampal plasticity was found in the current study to correspond to an increase in stress symptoms may relate to a previous finding that the activity in the hippocampus was greater for emotional than for neutral pictures (25) , suggesting that emotionally arousing stimuli, such as the medical content among stressed combat paramedics, exerts its beneficial effect on episodic memory by enhancing activity in the hippocampus.
On the whole, our findings imply that individual differences in manifesting hippocampal functional plasticity may underlie vulnerability to real-life stressful experiences. At first glance this seems to contradict prior findings of a volumetric MRI twin study that suggested that diminished hippocampal volume is a risk factor for PTSD (26) . It is, however, possible that enhanced regional activation as seen in this study reflects a compensatory mechanism for reduced volume, a measure that is outside the scope of this study.
Limbic-Prefrontal Adaptive Functional Coupling. The in vivo demonstration of modifications over time in the strength of hippocampalvmPFC functional coupling further characterizes the plastic nature of stress-related neural manifestations. As far as we know, this is the first demonstration in humans that enhanced hippocampal-vmPFC functional coupling that occurs after stressful experience corresponds to a smaller magnitude of increase in stress-related behavioral symptoms (Fig. 3C) . It is important to note here that interregional functional coupling as indicated by fMRI signal change can reflect either excitatory or inhibitory relations and cannot indicate the region that led the enhanced coupling. Nevertheless, a recent fMRI study in healthy humans showed that greater hippocampalvmPFC functional coupling is correlated with greater extinction recall during fear conditioning, suggesting that increased hippocampal-vmPFC coupling reinforces neural machinery needed for extinction (27) . We further suggest that the ability to operate such a process, as demonstrated over time in the current study, has a protective value for the individual in adapting to real-life situations (i.e., develop fewer stress symptoms). The differential activation profile in the hippocampus and vmPFC following a stressful life experience (i.e., the former shows content selectivity, and the latter does not; Fig. 1E ) suggests that these regions may have separate roles within the context of coping with stress, in accordance with previous suggestions that the vmPFC and hippocampus are implicated in recall of fear extinction and its contextual modulation, respectively (27, 28) .
An alternative explanation of our finding of functional coupling modification is that the pictures presented during the After-Stress session obliged the paramedics to confront with reminders of unpleasant episodes, thus recruiting regulatory mechanisms such as reappraisal and suppression, both of which are thought to reside in the PFC. Specifically, based on fMRI studies, Levy and Anderson (29) postulated that suppressing retrieval of unpleasant memories is accomplished by executive control mechanisms mediated by lateral PFC activation that can terminate recollection-related activity in the hippocampus (i.e., unwanted memories). Thus, in our study the increased vmPFC-hippocampal cooperation after a stressful experience might be a means to downregulate internally generated intrusive memories. Furthermore, our finding that a greater change in prefrontal-limbic coupling relates to less severity of stress symptoms over time (Fig. 3C ) makes it reasonable to assume that individual differences in recruiting of regulating mechanisms can influence the effectiveness of adaptation to stress. The involvement of medial PFC rather than lateral PFC could be accounted for by the nonguided nature of stress-related content processing (i.e., subjects were instructed to pay attention to object category rather than to its emotional meaning; Fig. S1 A) .
Importantly, we show that higher amygdala reactivity Before Stress predicted weaker hippocampal-vmPFC coupling (Fig. 3D) , thus implying that part of the amygdala's predisposing role in the human response to stress is accounted for by its ability to modulate hippocampal-vmPFC coupling. This modulation might regulate the mobilization of adaptive neural operations in the vmPFC, given that previous animal studies had shown that activity in the prefrontal cortex can be modulated by the amygdala (30). However, it is possible that the amygdala directly modulates neural operations in the hippocampus, as it was suggested that these regions act in concert when emotion meets memory (16) . It is also possible that regulation style varies among individuals in both effectiveness and type of mechanism, suggesting that hippocampal-vmPFC functional coupling and amygdala's modulation of it can mediate more than one cognitive mechanism for adapting with stress. Clarification of the exact neurocognitive mechanisms involved in the human response to stressful experiences awaits further studies.mbf Extended Network of the Human Neural Response to Stress. Although not comprising one of our initial ROIs, the NAcc demonstrated a pattern of activation that was similar in part to that of the amygdala and of the hippocampus. It showed enhanced reactivity to medical content presented for 33 ms, as in the amygdala, and the change of its activation over time corresponded to the magnitude of change in the severity of stress symptoms, like the hippocampus (Fig. S2) . These findings may relate to previous claims about how the NAcc processes information mediated by the hippocampus and amygdala of the stimulus relation to oneself and its emotional significance, respectively (31) .
Like the amygdala and the NAcc, the subcallosal gyrus also showed stress-related enhanced reactivity to medical content presented for 33 ms, albeit its change in activation was not related to a corresponding change in the severity of stress symptoms (Fig. S2) . This region was previously mentioned with regard to mood regulation (32), and subcallosal dysfunction was suggested as contrib-uting to clinical depression (33) . Thus, we can speculate that increased activation in that region in response to reminders of a stressful experience may contribute to our study participants' ability to sustain high levels of function as combat paramedics despite repeated exposure to intensely stressful experiences. Additional studies are warranted to clarify the involvement of the NAcc and subcallosal gyrus in emotional reactivity in general, and in its regulation following stressful experiences in particular.
To summarize, we propose that the nature of amygdala and hippocampal responses to stress differs in its temporal trajectory. Furthermore, interindividual variability in the combined effects of a priori high amygdala reactivity and posteriori low hippocampalvmPFC functional coupling constitutes the neural profile of vulnerability to real-life stressful experiences. From a therapeutic point of view, these findings put forth a possible region-oriented approach in which early-stage intervention focuses on downregulating the amygdala, and long-term treatment aims to upregulate adaptive changes in the hippocampal functional connections with the vmPFC. Whole-Brain Analysis. The size of the effect for each condition for each participant was computed using a general linear model (GLM) that included the participant's 2 time points, resulting in 14 regressors, one for each condition. Recall: 2 (scan: Before Stress, After Stress) ϫ 3 (content: military, medical, and civilian) ϫ 2 (target presentation duration: 33 and 83 ms), and 2 constants (separate for each scan). Responses After Stress were compared with those Before Stress for each participant individually using paired t test (After Stress Ͼ Before Stress). To enable us to make inferences at the population level, participants' T contrast images were used in a second-level random effect analysis. Significance was set at P Ͻ 0.0005 uncorrected with a minimum cluster size of 27 mm 3 .
ROI Analysis. Activations within a priori ROIs were evaluated for magnitude of response and correlation with behavioral stress measures. The amygdala, hippocampus, and vmPFC were identified functionally from a contrast (After Stress Ͼ Before Stress) and verified anatomically according to MNI coordinates. The individual peak voxel within the group ROI was used for T value and time course extraction for each subject.
Posthoc Statistical Analysis. The study did not have a clear a priori hypothesis about the different temporal effects of the brain regions; to correct for the 12 Pearson correlation analyses that were performed throughout the text (Figs. 2 A-C and 3 C and D, and Figs. S1 B and C and S2B), we used the Bonferroni correction for multiple comparisons. Thus, only a P of (0.05/12) Ϸ 0.004 is considered significant.
Interregional Functional Coupling. Each participant's time courses were obtained separately from activation maps of either Before Stress or After Stress, and were then used as regressors in a voxel-based whole-brain correlation analysis. Importantly, the time course from the same voxel was used as a regressor for both time points for each participant (Fig. 3 A and B) . Change in the functional hippocampus-vmPFC coupling was obtained by subtracting the individual time course correlation coefficient between hippocampus and vmPFC After Stress from the correlation coefficient Before Stress and converting it to normal distribution with Fisher's z transformation. The same procedure was done for the change in the functional amygdala-vmPFC coupling (Fig. 3C) .
